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INTRODUCTION 
Advanced design of aircraft structures may incorporate areas inaccess-
ible for in-service inspection. It is important to monitor high stress 
intensity substructures on aircraft to assure the integrity of aircraft 
structures and to decrease life-cycle cost of advanced military aircraft. 
Acoustic emission (AE) provides an ideal means for real-time structural 
monitoring. Acoustic emission is the stress wave generated by rapid 
release of energy from localized sources within a stressed material. 
Acoustic sensors combined with an effective signal processor can be used to 
detect acoustic emission events related to structural damages and serve as 
a real-time nondestructive evaluat ion (NDE) tool. 
In-flight AE monitoring of airframe components had been conducted on 
Air Force C-SA and C-13S transport aircraft [1,2]; RCAF and RAAF are 
currently investigat ing applications of AE monitoring for their inventories 
of trainer/fighter aircraft [3-S]. AE was also considered by USAF for 
monitoring F-10S fatigue-critical areas, but was not implemented due to 
short remaining operation service life of F-105 fleet [6]. The feasibil-
ity of AE monitoring for modern high performance fighter aircraft is the 
subject of this investigation. 
SCOPE 
AE monitoring system for use in high performance fighters must be 
light-weight and small in size. It must be capable of filtering out in-
flight noise and must be able to monitor composite as well as metallic 
structures. In order to develop an effective system that fits the require-
ments, research efforts have been directed toward the following areas: 
(a) on-board sensors evaluat ion , (b) damage signature and background noise 
characterization, and (c) optimizat ion of noise filtering techniques. 
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The program started with evaluation of on-ooard sensors. State-of-
the-art acoustic sensors can be constructed from piezoelectric ceramic, 
polymer film, or fiber optics. Polymer film, such as polyvinylidene 
fluoride (PVDF), has recently been used as transducers for many sound 
applications (7). Flexibility is a major advantage of polymer film sensors. 
Placed in critical locations on the airframe, they can withstand flexing 
without cracking. PVDF performed as well as conventional PZT sensors in 
detecting AE events in composite structures, but was not as sensitive for 
use in aluminum components [8]. 
Characterization of AE signals due to various damage modes in composites 
as well as in aluminum alloys were also investigated by performing static 
tension tests and fatigue tests [91. In this report, recent resuits from 
in-flight structural noise measurements of a fighter aircraft and a component 
durability test are presented. 
IN-FLIGHT STRUCTURAL NOISE MEASUREMENTS 
Acoustic sensors were installed at several structural locations of a 
fighter aircraft for investigating in-flight structural noise. Configurat ion 
of AE sensors on the aircraft is shown in Fig. 1. Hardman fast setting 
Double/Bubble epoxy was used to mount the sensors. Acoustic Emission Tech-
nology (AET) Corporation's AC-175L resonant response sensors were used. The 
sensors are of differential type construction and are completely shielded. 
A preamplifier (AET Model 140B) was mounted close to each sensor to provide 
a 40 dB amplification of output signals from the sensor. An analog airborne 
magnetic tape recorder (AR-700) is used to record the output signals from the 
preamplifier directly. 
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Fig. 1. Acoustic Sensor Configurat ion for In-Flight Structural Noise 
Eeasurement 
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Prior to flight test, the aircraft was subjected to an extensive 
flight loads calibration ground test. During the flight loads calibrat-
ion, acoustic emission was real-time monitored by using the onboard sensors 
and preamplifiers. AE signals were analyzed using AET-SDDD acoustic emission 
system. The system is a 8-channel microcomputerbased AE system. It can 
process signals from each sensor channel independently according to the 
following AE parameters: ringdown counts, event counts, event duration, 
amplitude, rise-time, and energy. Distribution displays of peak amplitude, 
event duration, rise-time, energy, and slope Camplitude/rise-time) versus 
events are also provided. The system can be used for real-time AE monitoring 
with extensive capability for data discrimination based upon characteristic 
of AE parameters. AE data measured by AET-SDOO were recorded in a lS M-bytes 
hard disk for post-processing data analysis. A Sangamo magnetic tape recorder 
was also used in conjunction with AET-SOOO for recording analog AE waveforms. 
Thirty-three test conditions were investigated. For each test condition, the 
applied load was ramped up from zero to 100% and returned to zero load, and 
it was performed for four times. AE data were recorded dur ing the entire 
test procedure. AII observed acoustic noise was transient in nature, as 
observed in the typical "ringdown" patterns shown in Fig. 2 Ca), Cb), and (c). 
Electrical transients usually have only a couple of ringdown counts per event, 
as shown in Fig. 2(d). Only very few electrical transients were observed. By 
gating the ringdown count parameter in AET- SOOO, noise due to electrical 
transients can be easily discriminated. AE data were characterized according to 
event rate, peak amplitude, and event durat ion parameters. 
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Fig, 2 . Typical Acoustic Transients (a, b, and c) and El ectrical 
Transient Waveform (d) During Ground Test. 
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Most of AE events occurred durîng tne first run of tne test. There 
is a qualitative correlation between the total number of AE events recorded 
by a sensor and the maximum microstrain measured at the location of the 
sensor dur ing the test. Those Ai' events nave amplitudes ranged from 35 to 
75 dB and have durations less than 300 microseconds. Obviously, those AE 
events are stress induced structural noises, including structural rubbing 
and fretting. 
Flight tests of the aircraft are currently in progress. In-flight AE 
.measurements are performed concurrently with other dedicated flight tests. 
Two channels of AR-700 magnetic tape recorder with frequency response from 
10 KHz up to 250 KHz are available for AE measurements. A CEC VR-3600 tape 
drive is used to play back AE signals into the AET-SOOO AE system for data 
analysis. A waveform analyzer, ANALOGIC DATA-6000, is also used for AE wave-
form characterization. A flight test tape containing one flight hour of AE 
data has been analyzed. Preliminary results show that most of acoustic trans-
ient wave forms are similar to those observed during ground tests. In Fig. 3, 
AE event rate (A) which was recorded by the sensor located at bulkhead FS 446 
is compared with various flight parameters: the stress measured ne ar the 
location of the sensor (B), altitude (C), Mach number (D), and normal accelerat-
ion (E). It is clearly shown that AE event rate is associated with structural 
loading, as is produced during nigh-G maneuvers or rapid changes in aircraft 
speed, altitude and stress. 
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Fig. 3. Correlation of AE Event Rate with Various Flight Parameters. 
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COMPONENT DURABILITY TEST 
A bulkhead test component was fatigue loaded with F-16 flight load 
spectrum for 16,000 equivalent flight hours of durability test. Two AE 
sensors were mounted on the test component at high stress locations as 
shown in Fig. 4. The AET-SOOO system was used for real-time monitoring. 
It started monitoring at 3,000 flight hours. The test data were analyzed 
on-line. The energy parameter, which is a function of amplitude and durat-
ion parameters, provides a convenient means to identify changes in AE 
characteristic during the fatigue test. The energy distribution graphs 
after a 500 equivalent flight hours of test were printed out for comparison. 
Before 8,000 flight hours, energy distribution of AE events showed very 
little change. It has a sharp peak at about 82 dB (relative energy unit). 
After 8,000 flight hours, the AE spectrum started to change gradually as 
the test progressed. It has a major broad distribution centered at 82 dB 
and also a high energy peak at 125 dB. The energy distribution graphs for 
the period between 7,500 to 8,000 flight hours and the period between 14,500 
to 15,000 are shown in Fig. 5 (A) and (B) respectively. 
Fig. 4. Acoustic Sensor Configuration On A Bulkhead Test Component. 
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Fig. 5. Energy Distributions of AE Events During Durability Test of 
A Bulkhead Component: (A) 7,500 - 8,000 Flight Hours; and 
(B) 14,000 - 15,000 Flight hours. 
A linear source location (time-of-flight) program was used in a later 
stage of the test in an attempt to determine the location of AE sources. 
NDE techniques, including eddy current, ultrasonic, fluorescent penetrant, 
surf ace replication, and x-radiography were used to inspect the test comp-
onent after 16,000 equivalent flight hours of durability test. Two fatigue 
cracks were found inside a fastener hole (#301 hole shown in Fig. 4) close 
ta the armpit. The largest crack length was about 0.17 inch. The locat-
ion of the fastener hole wherefatigue cracks were found coincided with the 
high AE activity zone detected by the time-of-flight source location technique. 
By viewing the AE monitoring data, the initiation of the fatigue cracks was 
estimated to begin at about 8,500 flight hours of test. 
CONCLUSION 
In conclusion, the results of ground test and flight test have shown 
that airframe structural noise comprises both acoustic and electrical trans-
ients. The electrical transient can be filtered out by gating ringdown 
count parameter. Acoustic transient noise is most likely due to structural 
rubbing and fretting. Acoustic transient event rate is correlated with 
structural loading and is not too high for practical operation of convent-
ional AE systems. The result of the bulkhead component test has shown that 
AE energy distribution is a convenient parameter to examine sudden changes 
in AE characteristic during fatigue loading. The time-of-flight source 
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location technique is useful for monitoring a localized area in a complex 
structure. However, fretting signals and crack growth signals can not be 
distinguished by simple AE parametric analysis and spatial filtering. 
Additional advanced filtering techniques are needed to separate fretting 
signals from crack growth signals in a high fretting noise environment. 
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